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ABSTRACT 
 
The objective of this thesis is to improve engines performance and to reduce fuel consumption 
by mixing fuel with HHO gas. A gaseous fuel containing high percentages of hydrogen and 
oxygen, is obtained directly from water by a special kind of electrolysis technology. This 
gaseous fuel is mixed with gasoline or diesel in the engine intake. 
 
This research presents the results obtained from the experiments concerning electrolyser 
production efficiency, performance of petrol engine when it is operated at different speeds, the 
effect of electrolyte‟s temperature on electrolyser operation, road tests of moving vehicle and 
some of emissions measurements. These tests emphasized the possibility of reducing fuel 
consumptions and pollutants from exhaust gases offered by the gaseous fuel; in comparison with 
the engine operated on gasoline fuel alone. 
 
Experiments confirmed the following: an improvement in engine performance, a reduction in 
fuel consumption, a reduction of HC emissions, no CO emissions are noticed and some increase 
of CO2 emissions. 
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 خلاصح انثحث
 
 
انغاس انغًُ تخهط انٕقٕد يع ٌٓذف ْذا انثحث إنى ذحسٍٍ أداء انًاكٍُاخ ٔذقهٍم اسرٓلاك انٕقٕد 
ْذا انٕقٕد انغاسي ٌحرٕي عهى َسثح عانٍح يٍ انٍٓذرٔجٍٍ ٔالأكسجٍٍ، ًٌٔكٍ انحصٕل . تانٍٓذرٔجٍٍ
ٌرى خهط ْذا انٕقٕد انغاسي يع انثُشٌٍ . عهٍّ يثاشزج يٍ انًاء تاسرخذاو َٕع خاص يٍ انرقٍُح الانكرزٔنٍرٍح
 . أٔ انجاسٔنٍٍ عُذ يشعة انذخٕل نهًاكٍُح
ْذا انثحث ٌٕظح انُرائج انرً ذى انحصٕل عهٍٓا يٍ الاخرثاراخ انًرعهقح تـكفاءج إَراجٍح انًحهم 
، أداء ياكٍُح تُشٌٍ عُذ سزعاخ يخرهفح، ذأثٍز درجح حزارج انًحهٕل الانكرزٔنٍرً )الانكرزٔنٍشر (الإٌَى
. عهى ذشغٍم انًحهم الإٌَى، اخرثاراخ عهى سٍارج يرحزكح فً انطزق ٔتعط انقٍاساخ نلاَثعاثاخ انُاذجح
ْذِ الاخرثاراخ أكذخ إيكاٍَح انرقهٍم يٍ اسرٓلاك انٕقٕد ٔالاَثعاثاخ انُاذجح فى انعادو تاسرخذاو انٕقٕد 
. انًخهٕط تانغاس انٍٓذرٔجٍُى يقارًَح تاسرعًال انٕقٕد انعادي
ذحسٍ فً أداء انًاكٍُاخ، ٔاَخفاض فً اسرٓلاك انٕقٕد ، ٔنٕحظ فً : خهصد انرجارب إنى اَذً
  انٍٓذرٔكزتٌٕ، عذو ظٕٓر أٔل أكسٍذ انكزتٌٕ ٔسٌادج فً  انغاساخ انخارجح يٍ انعادو اَخفاض فً َسثح
.     َسثح ثاًَ أكسٍذ انكزتٌٕ
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CHAPTER ONE 
Introduction 
1.1 Introduction: 
The alternative fuels and the additives for classical petroleum fuels represent an 
important research domain for many researches in view of reducing fuel consumption and 
pollutant emissions produced by the internal combustion engines. 
 The use of hydrogen as an additional fuel to gasoline has been considered since the early 1970, 
the alternative to the full hydrogen powered engine. Hydrogen addition positively influences 
combustion and due to the high laminar burning velocity and the wide flammability limits of 
hydrogen represents a possible means to use leaner fuel-air mixtures, with favorable effects on 
exhaust emissions and thermodynamic efficiency. 
The addition of a hydrogen rich gas to gasoline in a spark ignition engine seems to be 
particularly suitable to arrive at a near-zero emission engine, which would be able to easily meet 
the most stringent regulations [1]. 
Studies on the electrolytic separation of water into hydrogen and oxygen date back to the 19th 
century. More recently, there has been considerable research in the separation of water into a 
mixture of hydrogen and oxygen gases, known under various names: H2/O2 systems, Brown gas, 
Rhodes gas, etc. 
In accordance with these patents [1] as well as the subsequent rather vast literature in the field, 
the Brown gas is defined as a combustible gas composed of conventional hydrogen and 
conventional oxygen gases, having the exact stoichiometric ratio of 2/3 (or 66.66% by volume) 
of hydrogen and 1/3 (or 33.33% by volume) of oxygen [1].  
An apparently new mixture of hydrogen and oxygen here on referred to as the HHO gas was 
developed by Hydrogen Technology Application HTA Inc. USA. The new HHO gas is regularly 
produced via a new type of electrolyser and has resulted to be distinctly different in chemical 
composition than the Brown gas. In this gas system, all intermediary species are present: H2, H, 
O2, O, OH, HO, H2O, HO2, H2O2, etc. The rather unique features of the HHO gas are based 
upon the high reactivity of its constituents and the stability of the system. An important feature 
of this gas is its anomalous adhesion (adsorption) to gases, liquids and solids, as it was 
experimentally verified, thus rendering its use particularly effective as an additive to improve the 
environmental quality of other fuels, or other applications. This feature is manifestly impossible 
for conventional gases as H2 and O2, and thus confirming again its novel chemical structure [1]. 
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1.2 History: 
Fire from water! Yes it is true and known for quite a while that water is made up of hydrogen 
and oxygen and can be easily separated into its components. Which when recombined releases a 
tremendous amount of energy. Controlling it is the key. There was stories about running cars on 
water...well that is just one of the many applications, Professor Yul Brown's discover Browns 
gas and makes stories facts. 
 
 
Figure (1.1) Yull Brown, Bulgaria / Australia 1922-1998 
1.3 Brown's Gas: 
"The discovery of Brown " Born in 1922 in Bulgaria, Yull Brown went to Australia in 1958 as 
an electrical engineer with a deep belief that Jules Verne‟s vision of "There is fire in water", 
could be realized. He worked as an unknown laboratory technician until he could develop his 
own laboratory. By 1978 Professor Yull Brown was being described by The Australian Post as 
"the most talked about inventor in Australia today". He discovered in the early 1970's a 
proprietary method of water electrolysis that yields a non explosive mixture of hydrogen and 
oxygen gas in the precise atom-to-atom ratio of two volumes of hydrogen to one volume of 
oxygen [2]. 
Professor Yull Brown discovered that hydrogen and oxygen gas can be safely mixed if that 
ration is strictly maintained. The result is Brown's Gas, a hydrogen and oxygen mixture that can 
be economically generated, compressed, and used safely. In Professor Brown's process, the 
hydrogen and oxygen gases are immediately and intimately mixed at exactly the right ratio (the 
scientific term is "stoichiometric mix"). Brown's Gas is produced within an electrolysis cell, 
without membranes and with safety, invented by Professor Yull Brown. 
Professor Yul Brown has developed a machine that will convert plain tap water to a 
stoichiometric mixture of hydrogen and oxygen without causing an explosion, hitherto fore 
thought to be impossible to do. He has discovered another state of water besides ice, water or 
steam. It is Brown's Gas! One liter of water makes 1860 liters of Brown's gas, when a spark is 
added to the gas, it still does not explode and it implodes [3]. 
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1.3.1 Effect of Brown's Gas on the Engine: 
Adding Brown's Gas to the fuel/air mixture has the immediate effect of increasing the octane 
rating of any fuel. “Octane Rating” means how much that fuel can be compressed before it 
ignites. Low grade gasoline [what's called “Regular” or 87 octane] ignites faster than higher 
octane fuels. It takes less compression to ignite. This fact causes the gasoline to ignite before 
TDC (Top Dead Center, the point where the piston is at the highest point of its motion), making 
it less efficient because the explosion of gas fumes pushes the piston down and out of sequence 
(it's too early so it goes a bit in reverse) and therefore the “pinging” noise and less power from 
Regular gasoline. Brown's gas or water vapor causes regular low-grade fuel to ignite more 
slowly, making it perform like a high octane gasoline! A higher octane rating means stronger 
horse power due to combustion occurring much closer to TDC, where it has a chance to turn into 
mechanical torque (rotary push) the right way and without pinging each piston transfers more 
energy during its combustion cycle, so combustion becomes more efficient – as well as smooth. 
More efficient combustion translates to less fuel being consumed [4]. 
1.3.2 Brown's Gas Benefits: 
 Saving money; by increasing car miles per gallon and fuel efficiency. 
 Reducing emissions; when Brown's gas is burned, the end product is water. 
 Improves thermal efficiency and works on both diesel and petrol engines. 
 Reduces engine noise and improves horse power. 
 Brown's Gas is efficient, safe, clean & less expensive to operate. 
 
1.4 Actual HHO Gas Characteristics: 
1. HHO gas has an implosive nature; when burned in its pure mixture, it forms a vacuum of 
high purity. Of course a diatomic mixture will make a vacuum too, but there will be an 
explosion and then an implosion. HHO gas makes implosion only [5]. 
2. HHO gas flame temperature changes when it is applied to various materials. The HHO 
gas flame is about 275°F (135°C) in open air. Without any torch adjustment, applying the 
flame to aluminum causes temperature to reach up to 1295°F (702°C). Applied to brick, 
the temperature may reach 3100°F (1704°C). Applied to tungsten, the temperature 
reaches over 10,200°F; the tungsten melts and then vaporizes [5]. 
3. HHO gas torch flame is extremely directional. The HHO gas flame burns through a block 
of wood or a ceramic fire brick „like a laser‟. This may allow precision welds. HHO gas 
is supposed to allow (when combined with the vacuum characteristics) the two materials 
being welded to actually have different temperatures. Thus, the heat required to melt steel 
is less likely to vaporize the copper being bonded to it [5]. 
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Figure(1.2): General aspect of the HHO flame 
 
4. HHO gas can cut materials that ordinary torches couldn‟t cut, like iron oxide, because the 
HHO gas flame instantly causes the material to raise its own temperature „it is sufficient 
to melt or burn itself‟ [5]. 
5. HHO gas can cause changes in molecular structure of some materials. For example, 
melting a chip of ordinary fire brick creates a stone with a hardness of 9.5; almost as hard 
as diamond. HHO gas can be used to glaze surfaces [5]. 
1.5 Applications of HHO gas: 
There are some applications that deal with renewable energy and optimization of environmental 
quality. The ready and limitless availability of water makes HHO gas possibly the best carrier for 
solar energy and other alternative energy sources developed to this time. It has higher energy-
conversion efficiency than hydrogen alone, which is conventionally considered to possess the 
highest conversion efficiency as fuel. HHO gas is non-polluting -- it does not even emit the 
nitrogen oxides, which results from hydrogen burning. It is naturally recyclable -- the product of 
its burning is pure water. HHO gas is adaptable, like hydrogen, to most of the existing energy 
utilization technologies, without any major modifications [6]. 
1.5.1  Healthy House Applications: 
The illustration of the application of HHO gas as a main source of energy in a healthy and 
affordable house can help to indicate the flexibilities offered by this fuel. A house would need a 
proportionately sized HHO Gas generator for all its basic requirements. These are as follows: 
1.5.1.1 Heating: 
Attaching catalytic heaters to a supply of HHO gas would provide heat for cooking elements and 
for space heating. The catalytic combustion (400°C - 800°C) resulting has the advantage of very 
significant heat loss reduction with, unlike all other available, no poisonous waste gases such as 
NOx. The range of temperature is determined by the control of the catalyst system itself. A 
ceramic carrier material with noble metals as catalyst operates at 400°C to 600°C and a power of 
4 to 5 Watts per square centimetre. By using noble metal catalysts, no ignition is required for 
burning HHO gas. On the other hand, in catalysts with a porous sintered metal, temperatures 
ranging from 700°C to 800°C are attained with power density of 15 to 20 Watts/cm
2
 but ignition 
is required. Such is the case of conventional gas burners. For cooking, hot plates using both types 
of catalytic techniques are commercially available. Contrary to hydrogen or hydrocarbon burning 
in catalytic cooking, which robs oxygen from the ambient medium, HHO gas results in only pure 
water vapour with minimal humidity -- and no requirement for vents. Space heating by catalytic 
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heaters using hydrogen and oxygen only, such as HHO gas, is recognized to be more than 95% 
efficient [6].  
1.5.1.2 Energy Storage System: 
One litre of water, with about 5 kW input generates 1,866 litres of HHO gas that can be released 
to a chamber located up to 10 metres above floor height, which is linked to a flexible pipe 
connected to a water basin subject to ambient atmospheric pressure. When the chamber of HHO 
gas is ignited with a spark, it creates vacuum by implosion. This triggers the atmospheric 
pressure to suction pump about 1,866 litres of water upwards the height of 10 metres to fill the 
container. The head of water can be used to drive an alternator for electrical energy if so required 
or desired. Other applications could include suction pumps, irrigation, etc. Under proper 
conditions, 1 litre of water at 10m has the potential to produce 98 Watts; 1,866 kg of water has 
the potential to generate 182.9 kW/litre of water consumed. The inherent inefficiencies of the 
various energy users will have to be considered for the final design configuration utilized [6].  
Such a system has been operated for a period of 10 years. HHO gas storage is over 98% efficient, 
as are current hydrogen and oxygen tank storage systems. Were the HHO gas generation and 
storage system be replaced by a conventional bottled liquid gas supply, the total costs of 
operation are estimated to become 20% higher. So it makes more sense to have the gas 
generation system installed indoors [6]. 
HHO gas could fit in a house with a solar cell system. It would also replace the need for massive 
storage batteries, which present burdensome maintenance tasks for the average homeowner. A 
viable concept would involve a high-efficiency storage system integrating a HHO gas generator 
and the distribution of gas to appliances (stove, refrigerator and air-conditioning units) and a 
DC/AC converter. Other arrangements are also possible [6].  
The use of HHO gas in such configuration for autonomous housing:  
 Extends benefits in indoor air and water quality. 
 Allows additional space heating and space cooling options. 
 Potentially lowers sound levels. 
 Reduces and/or eliminates some of the expensive elements or aspects of present systems. 
 It would fit well with initiatives in remote areas to install housing in isolated communities that 
assure problem-free energy production, heating, air venting, clean water, grey water, sewage 
treatment. The combination of HHO gas generation and energy storage system in such stand-
alone block units should optimize this initiative.  
1.5.2  High-Efficiency Combustion: 
Existing combustion technology can be boosted from low efficiency to extremely high 
efficiencies by spraying HHO gas onto flames, an application now being manufactured in China 
for waste and medical waste incinerators. Large-scale application of this fact can mean big 
advantages to those economies that are dependent on imported fuel supply. A similar context 
exists in the Federal Republic of Germany, where an econometric study by the University of 
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Hagen explored the global implications of applying low-cost HHO gas for heat and electricity 
generation (with both centralized and decentralized settings) and for the transportation sector. It 
recognizes that a phased implementation of such a system would be beneficial in terms of 
national budget because of decreased expenditures related to the environment; it would probably 
have lead to an increase in employment and greater use of the highway infrastructure by cars and 
could stimulate the economy with greater purchasing power. A similar and desirable 
consequence could be expected for many regions throughout the world [6]. 
The HHO gas-generating alkaline electrolyser uses a mixture of sodium hydroxide with the 
supplied water to form an effective electrolyte with a measured conversion efficiency in the 90 to 
95% range excluding cable and other system losses. The theoretical energy level of 
hydrogen/oxygen gas is in the range of 50,000 Btus per pound. HHO gas has about 66,000 Btus 
per pound (and, with some proprietary technological priming, up to 210,000 Btus). If just 80% of 
this energy can be recaptured, it would be a significant improvement on the main problem with 
all variable power input systems, solar, wind, tidal, etc.: namely, energy storage. The gas-storage 
system development is of a very high priority in future developmental work in this area yet 
experience suggests that the off-the-shelf liquid petroleum gas technology storage system 
conveniently adapt themselves to HHO gas storage. But, only large consumption requirements 
warrant further HHO gas-specific developmental work, such a might be considered by large 
utilities [6]. 
HHO gas could be used to increase the efficiency of fuel cells upwards from their current low 
levels, especially by providing an inexpensive source of hydrogen. This could prove to be very 
interesting for variable power input hydroelectric plants and wind-energy farms. 
1.5.3 Magnetohydrodynamic Electrical plant: 
Also of interest may be the use of HHO gas to energize the magnetohydrodynamic system -- an 
electrical plant of no moving parts. MHD converts hot gases directly into electricity. The MHD 
requirement is to have temperatures about five times higher than conventional power plants. 
Such temperatures are readily available with HHO gas. A method using HHO gas would require 
that the gas be burnt to produce plasma at the nozzle end of a conical shaped rocket engine 
surrounded by a strong magnet. The hot gas would be then seeded with an ionized alkali metal 
such as potassium or cesium to induce electrical conductivity, and thereby setting up a strong 
electric field. With the magnets, DC current would be generated very efficiently -- with an 
estimated improvement of about 20% over conventional systems [6]. 
1.5.4 Push-Pull Radical Engine: 
Medium-sized industries of many countries could develop an advanced push-pull radial engine 
that would optimize the peculiar physical properties of HHO gas. It would be a kinematic 
arrangement of atmospheric pressure vs. HHO gas-created vacuum will allow the creation of a 
push-pull engine to generate motive force; for example, driving pumps, ventilators, etc. 
Preliminary calculations show that such an engine will have very impressive characteristics and 
easily outperform the more exotic technologies such as Stirling engine [6] generators and fuel 
cells. The proposed 3-cylinder radial engine has at least one piston doing work on the crank at 
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any one time, which will maintain continuous rotation of the shaft. This type of engine has very 
good emission characteristics and a low vibration level during operation [6]. 
1.5.5  Agricultural  Region Applications: 
Since HHO gas offers easy and low-cost vacuum production, it permits the picking of fresh 
foods in-the-field, in vacuum packs, enhancing preservation, and destroying infestation. The 
technology also provides a drying system that does not adversely remove the water content of 
many produce, naturally and quickly. This would help not only in saving the yields now lost to 
rot but also allow freer distribution of fresh agricultural produce over greater distances. A 
widespread application of this technique could decrease substantially of the use of expensive 
petrochemical spraying. Agricultural regions could sell more food, at less cost. The technology 
was successfully applied in Australia for orchards and tobacco growing [6]. 
1.6 Air Quality Parameters and Associated Health Effects: 
 
 Carbon Monoxide. 
 Particulate Matter. 
 Sulphur Dioxide. 
 Hydrocarbons (Volatile Organic Compounds). 
 Oxides of Nitrogen. 
 Ozone (Photochemical Smog). 
 
1.6.1 Carbon Monoxide: 
 
Carbon monoxide (CO) is an odourless, colourless gas that is formed naturally due to emissions 
from the sea, combustion processes (bush fires) and oxidation of methane in the atmosphere (as a 
result of organic decomposition). 
As an anthropogenic (man-made) source, CO is a product of a combustion process where there is 
a limited oxygen supply, typically occurring in internal combustion engines. CO is easily 
oxidised to Carbon Dioxide in the presence of the concentrations of oxygen found in the 
atmosphere, and as such it generally does not present a problem unless the space or oxygen 
concentration is confined. 
In the body, CO combines with haemoglobin to form carboxyhaemoglobin. Haemoglobin has a 
greater affinity for carbon monoxide than oxygen (by a factor of 200). As such, when it is 
inhaled, it reduces the uptake of oxygen by the lungs. This process is reversible, and providing 
exposure to carbon monoxide is reduced, the detrimental effects of exposure will be remedied 
within a matter of hours.  
Short term effects of acute exposure to CO include headaches, nausea and lethargy. However, 
these are generally not reported until concentrations of carboxyhaemoglobin (formed when CO is 
taken up by the blood) are in excess of 10% of saturation. This is approximately the equilibrium 
value achieved with an ambient atmospheric concentration of 70 mg/m3 for a person engaged in 
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light activity. However, there is evidence that there is a risk for individuals with cardiovascular 
disease when the carboxyhaemoglobin concentration reaches 4% and the World Health 
Organisation (WHO) recommends that ambient concentrations be kept from exceeding the 4% 
saturation level [7]. 
1.6.2 Particulate Matter: 
Total Suspended Particulate (TSP) consists of course and fine particles. In the atmosphere, 
particles range in size from 0.1 μm to 50 μm. Even without human activity, the atmosphere 
contains particles from sources such as wind-blown dust, volcanoes, fires, sea salt, pollens and 
bacteria. With regard to human activity, industry is usually the largest producer of particulates. 
 
Atmospheric particulates include primary and secondary pollutants. The main source of primary 
fine particulates from internal combustion engines is diesel emissions. Secondary particles 
include sulphates and nitrates which derive from sulphur dioxide and nitrogen dioxide emissions 
respectively and organic aerosols which derive from volatile organic compounds (VOCs ). 
 
The size of the particles determines how far into the respiratory system the particles penetrate. 
Particles with an aerodynamic diameter greater than 10 microns (μm) are screened out in the 
upper respiratory tract while particles smaller than 10 μm, known as PM10, may penetrate into 
the lower respiratory tract. Recent health research has shown that fine particles with an 
aerodynamic diameter less than 2.5 μm, PM2.5, are able to penetrate deep into the lungs. 
 
Potential adverse health impacts associated with exposure to fine particles include increased 
mortality from cardiovascular and respiratory diseases, chronic obstructive pulmonary disease 
and heart disease, reduced lung capacity in asthmatic children, etc. 
 
The health effects of particulate matter are further compounded by the chemical nature of the 
particles and by the possibility of synergistic effects with other air pollutants such as sulphur 
dioxide. A (negative) synergistic effect is where the combination of two pollutants becomes 
more detrimental to health upon mixture. In the above case, sulphur dioxide is able to adhere to 
fine particles and is therefore carried deep within the lungs where it may cause greater damage 
[7]. 
1.6.3 Sulphur Dioxide: 
Sulphur dioxide is an acid gas that can have harmful effects on the respiratory system as well as 
on vegetation and building materials when it combines with moisture in the atmosphere to 
become “acid rain”. 
Exposure to sulphur dioxide is more common due to incidents of “plume grounding” (when a 
pollutant plume is not dispersed and hits the surrounding land) from power stations burning high-
sulphur coal. These typically occur in short episodes, and this is reflected in the short averaging 
times (10 minute and 1 hour) given for the sulphur dioxide air quality goal (as specified by the 
National Health and Medical Research Council) [7]. 
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1.6.4 Hydrocarbons (Volatile Organic Compounds): 
Natural emissions, such as those generated by eucalypts, account for over 50% of Volatile 
Organic Compound (VOC) emissions in many environments. However in an urban environment, 
emissions are usually dominated by vehicle emissions, as the biogenic sources are generally 
located away from urban centres. Sources of volatile organic compounds (VOCs) include 
fugitive vapour emissions of lubricants and fuel, as well as the products of incomplete 
combustion of fuel. The amount of evaporative emissions is related to the diurnal temperature. 
VOCs are an important precursor to photochemical pollution, or smog. The environmental 
effects of VOCs include acid rain as they undergo chemical reactions in the atmosphere. 
Hydrocarbons alone do not generally pose a problem at the concentrations commonly 
experienced at roadside environments. Hydrocarbons such as benzene are known to have an 
adverse effect on human health, but these effects are thought to occur at concentrations higher 
than the levels of exposure found at roadsides from traffic emissions. 
Volatile organics such as benzene and 1,3 butadiene have been highlighted as key pollutants as 
they are known carcinogens. The WHO specifies a risk factor for developing leukaemia of 
between 4.4x10-6 to 7.5x10-6 for a lifetime exposure to 1 μg/m3 of benzene, and it is the current 
view of many in the medical/scientific community that there is no safe limit for benzene 
exposure [7]. 
1.6.5 Oxides of Nitrogen: 
Oxides of nitrogen (NOX) include nitric oxide (NO) and nitrogen dioxide (NO2). All combustion 
processes in the presence of air produce nitric oxide, and concentrations are increased under high 
pressure. 
NO is produced naturally by microbial activity, and also by lightning storms in significant 
amounts. Anthropogenically, NO is formed in the atmosphere by combustion processes, 
particularly high temperature (>1000°C) processes such as those occurring in power stations and 
within the internal combustion engines of motor vehicles. Typically, NO will constitute between 
5% and 10% of total NOX emissions from combustion sources. 
NOX may be formed during combustion either as thermal NOX or fuel NOX. Thermal NOX is 
formed through the oxidation of atmospheric nitrogen in the combustion air. Fuel NOX is 
produced through the oxidation of nitrogen intrinsic to the fuel source. Fuel NOX is therefore 
only significant when combusting nitrogen-rich compounds such as heavy fuel oils. 
The majority of NO2 finds its way into the atmosphere through the oxidation of nitric oxide 
(NO), with only a small proportion emitted directly into the atmosphere.  
NOX in the atmosphere contribute to regional air pollution as a principal reactant in the 
production of photochemical smog (refer Section 6.4.6) and also may contribute to the formation 
of acid rain. NO2 is a brown gas and NOX produce nitrate particles, both of which reduce 
visibility. 
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NO2 is a toxic gas. Exposure to NO2 can result in decreased lung function and increases in 
respiratory illness. Exposure to high atmospheric levels can lead to significant increases in 
hospital admissions and emergency room visits for respiratory and cardiovascular disease [7]. 
1.6.6 Ozone (Photochemical Smog): 
Photochemical smog is a type of air pollution produced when sunlight acts upon motor vehicle 
exhaust gases to form harmful substances such as ozone (O3), aldehydes and peroxyacetylnitrate 
(PAN).  
Photochemical smog formation requires the following conditions:  
 A still, sunny day.  
 Temperature inversion (pollutants accumulate in the lower inversion layer).  
Ozone causes breathing difficulties, headaches, fatigue and can aggrevate respiratory problems.  
The peroxyacetylnitrate (CH3CO-OO-NO2) in photochemical smog can irritate the eyes, causing 
them to water and sting [8].  
1.6.6.1 Ozone Production: 
Motor vehicles produce exhaust gases containing oxides of nitrogen such as nitrogen dioxide 
(NO2) and nitric oxide (NO).  
At the high temperatures of the car's combustion chamber (cylinder), nitrogen and oxygen from 
the air react to form nitric oxide (NO):  
N2(g) + O2(g) -----> 2NO(g) 
Some of the nitric oxide (NO) reacts with oxygen to form nitrogen dioxide (NO2):  
2NO(g) + O2(g) ---->2NO2(g) 
When the nitrogen dioxide (NO2) concentration is well above clean air levels and there is plenty 
of sunlight, then an oxygen atom splits off from the nitrogen dioxide molecule:  
NO2(g) 
sunlight 
-------> 
NO(g) + O(g) 
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This oxygen atom (O) can react with oxygen molecules (O2) in the air to form ozone (O3):  
O + O2 -----> O3 
Nitric oxide can remove ozone by reacting with it to form nitrogen dioxide (NO2) and oxygen 
(O2):  
NO(g) + O3(g) -----> NO2(g)+O2(g) 
When the ratio of NO2 to NO is greater than 3, the formation of ozone is the dominant reaction. 
If the ratio is less than 0.3, then the nitric oxide reaction destroys the ozone at about the same 
rate as it is formed, keeping the ozone concentration below harmful levels.  
The reaction of hydrocarbons (unburnt petrol) with nitric oxide and oxygen produce nitrogen 
dioxide also in the presence of sunlight, increasing the ratio of nitrogen dioxide to nitric oxide 
[8].  
1.6.6.2 Peroxyacetylnitrate Production: 
Nitrogen dioxide (NO2), oxygen (O2) and hydrocarbons (unburnt petrol) react in the presence of 
sunlight to produce peroxyacetylnitrate (CH3CO-OO-NO2):  
NO2(g) + O2(g) + hydrocarbons 
sunlight 
--------> 
CH3CO-OO-NO2(g)   [8] 
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CHAPTER TWO 
The Electrolyser 
2.1 An Electrolyser:  
An „electrolyser‟ is a cell which breaks water down into hydrogen and oxygen gasses 
by passing an electric current through the water. The resulting gas is called „hydroxy‟ gas, as it is 
a mixture of hydrogen and oxygen. Hydroxy gas is burning at least 1,000 times faster than petrol 
vapour. 
 
Consequently, the most important information about electrolysers concerns the safety devices 
and techniques which must be used with them. The objectives are to keep the amount of hydroxy 
gas actually present in the system, to an absolute minimum, and to prevent any spark reaching 
the gas.  
 
Electrolysers are very useful. The output from a simple electrolyser can be mixed in with the air 
being drawn into the engine of a vehicle and the result is generally; much improved miles per 
gallon, much reduced pollution emissions, and the automatic removal of carbon deposits inside 
the engine, promoting longer engine life. The output from an advanced electrolyser can replace 
fuel oil altogether, but such an electrolyser is difficult to build and the exhaust system will rust, 
and the piston rings may also rust.  
 
 
Figure (2.1) simple electrolyser arrangement 
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Safety Features: 
While the physical arrangement can vary considerably, there are some essential safety features 
which need to be noted:  
The electrolyser cell is not connected directly to the battery. Instead, its power comes via a relay 
which is operated by the ignition switch. This is important, as forgetting to switch off a directly 
wired electrolyser when the vehicle reaches its destination, leaves the generation of gas 
continuing while the vehicle is parked. This extra gas builds up and becomes a danger, while the 
battery is being run down without any benefit being gained. The relay connection makes the 
electrolyser switch-off automatic and while that sounds like a minor thing, it most definitely is 
not. An even better connection for the relay is to wire it across the electrical fuel pump as that 
powers down automatically if the engine stalls with the ignition on.  
1. The electrical supply to the electrolyser then passes through a resettable circuit-breaker. 
This is also an important feature because, should any malfunction occur in the 
electrolyser cell which causes a continuously increasing current to be drawn (such as 
undue overheating of the cell), then the circuit breaker disconnects the link and prevents 
any serious problem arising. A light-emitting diode with a current limiting resistor of say, 
680 ohms in series with it, can be wired directly across the contacts of the circuit breaker. 
The Light-Emitting Diode can be mounted on the dashboard. As the contacts are 
normally closed, they short-circuit the LED and so no light shows. If the circuit-breaker 
is tripped, then  the LED will light up to show that the circuit-breaker has operated. The 
current through the LED is so low that the electrolyser is effectively switched off.  
 
2. Both the electrolyser and the ‟bubbler‟ have tightly fitting „pop-off‟ caps. This is very 
important. If the  hydroxy gas above the surface of the liquid were to be ignited and the 
unit were robustly sealed, then the  pressure build up inside the unit would be very rapid 
and it would explode like a grenade. If however,„pop-off‟ caps are installed, then as the 
pressure starts to build up, the cap is displaced, maintaining the integrity of the unit, and 
preventing excessive pressure build-up. Having said that, it is a major objective to avoid 
gas ignition in the first place.  
 
3. The wires going to the plates inside the electrolyser are both connected well below the 
surface of the  liquid. This is to avoid the possibility of a connection working loose with 
the vibration of the vehicle and causing a spark in the gas-filled region.  
 
4. The volume above the surface of the liquid is kept as low as possible to minimise the size 
of an explosion in the unlikely event of one occurring in spite of all of the precautions. 
Some experimenters like to reduce the volume above the liquid surface by filling it with 
polystyrene „beans‟. 
 
5. Finally, the hydroxy gas is passed through a „bubbler‟ before being fed to the engine. A 
bubbler is just a tall and narrow container of water with the gas being fed into it near the 
bottom, and forced to rise through the water before continuing its journey to the engine. 
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If, for any reason, the gas in the pipe feeding the engine is ignited, then the gas above the 
water in the bubbler will be ignited. That will blow the cap off the bubbler, restrict the 
explosion to a small amount of gas, and the water column in the bubbler prevents the gas 
in the electrolyser from being ignited. Moreover, bubblers can easy to make and install 
and are very reliable. 
2.2 12 Volt Single Cells:  
One of the most simple type of electrolysers to construct, it can use any size and shape of 
container which makes is convenient for mounting in the engine compartment of the vehicle.  
Figure (2.2) 12 volt single cell electrolyser 
Finding space in the engine compartment is one of the more difficult tasks with European cars as 
their designs tend to pack the engine area tightly to reduce the size of the vehicle to a minimum.  
Factors that affect the rate of gas production: 
1. The liquid used for electrolysis. If distilled water is used, then almost no current will 
flow through the cell as distilled water has a very high resistance to current flow, and 
almost no gas will be produced. It is normal practice to add some other substance to the 
water to increase the rate of gas production.  
If salt is added to the water, the rate of electrolysis increases enormously. However, that 
is not a good choice of additive as the salt forms a corrosive mixture and Chlorine gas is 
produced along with the Hydrogen and Oxygen gasses. The same goes for battery acid; it 
does work but it is a very poor choice which causes practical problems over a period of 
time. Other additives will create the increase in gas production but have similar 
undesirable effects. 
Two additives stand out as being the best choices. The first is Sodium Hydroxide 
(chemical symbol NaOH), sometimes called „lye‟. The very best choice is Potassium 
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Hydroxide (chemical symbol KOH) which is available in pellet form. Potassium 
Hydroxide acts as a catalyst in the process of electrolysis in that it promotes the gas 
production but does not get used up in the process [9].  
KOH Advantages: 
 Electrodes stay clean. 
 95 - 100% pure HHO gas production along with the right generator design. 
 Strong and pure electrolyte. 
Disadvantages: 
 Not available everywhere. 
 Dangerous to work with. 
2. The spacing of the electrode plates. The closer together the plates are placed, the greater 
the rate of gas production. There is a practical limit to this, as bubbles of gas formed 
between the plates have to be able to escape and rise to the surface. The optimum spacing 
is generally considered to be 3 mm or 1/8 inch [9].  
3. The area of the electrode plates and the preparation of the plate surface. The greater the 
plate area, the greater the rate of gas production. Some of this effect may be due to the 
improvement in the chances of bubbles escaping from the plates and not blocking some 
of the plate area. It is recommended that each face of every electrode plate has an area of 
between two and four square inches (13 and 25 square centimeters) per amp of current 
flowing through the cell.  
The preparation of the surface of the plates has a major effect on the rate of gas 
production. A major improvement is achieved if both sides of each plate are sanded in a 
criss-cross pattern (this produces an increased surface area with thousands of 
microscopic peaks which help bubbles form and leave the plate). The plates are then 
assembled and immersed in the electrolyte solution for about three days. This creates a 
protective white coating on the surface of the plates which helps enhance the 
electrolysis. The plates are then rinsed off with distilled water and the cell is refilled with 
a fresh solution of electrolyte. 
4. The current flowing through the cell. This is an absolutely key factor in gas production, 
and one of the most difficult to control accurately and economically. The greater the 
current, the greater the rate of gas production. The current is controlled by the 
concentration of Potassium Hydroxide in the electrolyte (water plus KOH) and the 
voltage across the cell. The voltage across the cell has limited effect as it reaches a 
maximum at just 1.24 volts. Up to that point, an increase in voltage causes an increase in 
gas production rate. Once the voltage gets over 1.24 volts, increasing it further produces 
no further increase in the rate of gas production.  
If the voltage is increased above 1.24 volts, the extra voltage goes to heat the electrolyte. 
Assume that the current through the cell is 10 amps. In that case, the power used to 
produce gas is 10 amps x 1.24 volts = 12.4 watts. When the engine is running, the voltage 
at the battery terminals will be about 13.8 volts as the alternator provides the extra 
voltage to drive current into the battery. The excess voltage applied to the cell is about 
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1.24 less than that, say 12.5 volts. The power which heats the electrolyte is about 12.5 
volts x 10 amps = 125 watts. That is ten times the power being used to produce gas. This 
is very, very inefficient. The following diagram explains this situation:  
 
 
Fig (2.3) Power heats electrolyte and power used to produce gas with number of cells 
It is hard to believe, but there is a voltage drop across the plate, which makes it necessary 
to apply about 2 volts to the plates on each side of the cell. So, with running off 12 volts, 
then six cells in a row across the battery gives the maximum possible drive. With the 
engine running and providing almost 14 volts, seven cells give the highest possible drive.  
The electrolyte heating up is a wholly bad thing as it drives a good deal of water vapour 
out of the electrolyte and this mixes with the gas and is fed to the engine. Injecting water 
mist, which is a fine spray of water droplets, into an engine increases its performance due 
to the water expanding when it is heated. This improves both the engine power and the 
miles per gallon, and it makes the engine run cooler, which improves the life of the 
engine. But water vapour is a bad thing as it is already fully expanded and just gets in the 
way of the hydroxy gas, diluting it and lowering the power of the engine with no benefit 
at all...  
As the voltage applied to the cell is pretty much fixed, the current flow is controlled by 
the concentration of Potassium Hydroxide in the electrolyte and the plate area. Once the 
cell is built, the plate area is fixed, so the current is adjusted by controlling the amount of 
KOH added to the water.  
There is a slight limit to this, in that the gas production increases with KOH concentration 
until the concentration reaches 28% (by weight). After that point, any increase in the 
concentration produces a reduction in the rate of gas production. General practice is to 
have a fairly low concentration of KOH which is found by trial. Bob Boyce, who is very 
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experienced in this field, says that you should never add water to NaOH or KOH. Always 
start with water, and add the chemical to the water slowly, stirring well and allowing the 
mixture to cool in between additions. Shelf life depends on how well it is sealed from the 
atmosphere. Carbon is an enemy to this process. Whether the KOH is in dry or liquid 
form, it will absorb carbon from CO2 in the atmosphere, or any other source of free 
carbon. As this happens, the catalytic effect is diminished. The more carbon is absorbed, 
the less the catalytic efficiency of the electrolyte. So, to maintain maximum performance, 
keep air out of the dry or liquid chemical storage containers, and away from the 
electrolyte in cells.  
5. The temperature of the electrolyte. The hotter the electrolyte, the higher the current 
carried through it.  This can be a snag. Suppose it is decided that the current through the 
cell is to be 10 amps and the electrolyte concentration adjusted to give that current when 
the engine is started. As time passes, the 125 watts of excess power drawn from the 
battery, heats the electrolyte, which in turn causes an increase in the current flowing 
through the cell, which causes even greater heating, which..... The result is positive 
feedback which causes a runaway temperature effect.  
This effect is aggravated by the water in the cell being used up as the vehicle drives 
along. This raises the concentration of the electrolyte because the amount of KOH 
remains the same while the amount of water reduces. 
There are different ways of dealing with this problem. One is to reduce the concentration 
of KOH so that the chosen current is only reached when the electrolyte has reached its 
maximum working temperature. This is a simple solution with the slight disadvantage 
that the gas production rate when starting is lower than it could be. However, the heating 
power is so high that it will not be long until the cell is operating at its maximum 
temperature. 
A different way to handle the problem is to use an electronic circuit to limit the current 
through the cell to the chosen value by dropping the voltage applied to the cell. This has 
the disadvantage that the extra power is being dissipated in the electronics which then has 
a heat problem. Also, this solution does not improve the overall efficiency of the process.  
The best way of all is to reduce the voltage applied to the cell by using more than one cell 
connected in a daisy-chain across the battery. With two cells, each will get about seven 
volts across it and the gas production will be doubled. If space in the engine compartment 
allows, a chain of six cells can be used which means each receives about two volts and 
the waste powers is reduced to some 10.6 watts per cell, while the gas production is six 
times higher. With the higher rate of gas production, it would probably be possible to 
reduce the chosen current flowing through the cell. Also, with six cells, the amount of 
water is six times greater and so there will be less concentrating of the electrolyte due to 
the water being used up. This is a “Series-Cell” arrangement.  
6. The number of bubbles sticking to the surface of the electrode plates. This is generally 
considered to be a significant problem. Many methods have been used to deal with it. 
Some people use magnets, others pump the electrolyte around to dislodge the bubbles, 
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others use buzzers to vibrate the plates and some pulse the voltage to the cell at just the 
right frequency to vibrate the cell. One of the best methods is to use the intake strokes of 
the engine to draw air through the cell (or cells) [9].  
 
2.3 Computer vehicles: 
When an electrolyser is fitted to a vehicle, the result does not always produce better mpg. Older 
vehicles which are fitted with a carburettor will see an immediate improvement. This is not the 
case for more recent vehicles which come with computer control of the fuel sent to the engine 
[10]. 
When an electrolyser is attached to the engine, it causes the fuel burn inside the cylinders to be 
greatly improved, with a corresponding improvement in the engine performance. Unfortunately, 
the fuel computer is expecting the same amount of unburnt oxygen to come out of the engine, 
and when it doesn‟t detect it, the computer increases the fuel flow rate in an attempt to get back 
to its normal, inefficient method of running. That action cancels the mpg improvement produced 
by the electrolyser unless something is done to adjust the operation of the computer [10]. 
In the simplest terms, most vehicles which have an Electronic Control Unit (“ECU”) to control 
the fuel flow are fitted with one of two types of exhaust sensor. The majority have a 
“narrowband” sensor while the remainder has a “wideband” sensor. The ideal mix of air to fuel 
is considered to be 14.7 to 1. A narrowband sensor only responds to mixtures from about 14.2 to 
1 through 14.9 to 1. The sensor operates by comparing the amount of oxygen in the exhaust gas 
to the amount of oxygen in the air outside the vehicle and it generates an output voltage which 
moves rapidly between 0.2 volts where the mixture is too lean, and 0.8 volts when it passes 
below the 14.7 to 1 air/fuel mix point where the mixture is too rich (as indicated by the graph 
shown below). The ECU increases the fuel feed when the signal level is 0.2 volts and decreases 
it when the signal voltage is 0.8 volts. This causes the signal voltage to switch regularly from 
high to low and back to high again as the computer attempts to match the amount of “too lean” 
time to the amount of “too rich” time [10]. 
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Fig (2.4) Sensor output Graph 
 
There are a few ways to overcome the computer making these changes. 
2.3.1 EFIE – Electronic Fuel Injection Extender: 
An EFIE sits between o2 sensors and vehicles computer. It works by correcting the „richen me 
up‟ signal by adding voltage to the sensor‟s output, so the vehicle can utilize the lean burn with 
HHO. 
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Fig (2.5) Diagram of a typical EFIE device 
 
2.3.2 MAP/MAF Enhancer – Manifold Air Pressure & Mass Air Flow: 
 MAP/MAP enhancers work by telling the engine you are not receiving as much air into 
the motor so fuel is cut back. 
2.3.3 O2 Extenders – O2 extenders: 
O2 Extenders – O2 extenders work by moving the sensor out of the exhaust path so they heat up 
more and tell the engine you are running at a proper richness. 
2.4 PCV Enhancer (PCV = Positive Crankcase Ventilation): 
As an engine runs, the crankcase (containing the crankshaft and other parts) begins to collect 
combustion chamber gases which leak past the rings surrounding pistons and sealing them to the 
cylinder walls. These combustion gases are sometimes referred to as 'blow by' because the 
combustion pressure 'blows' them "by" the pistons [11]. 
These gases contain compounds harmful to an engine, particularly hydrocarbons, which are just 
unburned fuel, as well as carbon dioxide. It also contains a significant amount of water vapor. If 
allowed to remain in the crankcase, or become too concentrated, the harmful compounds begin to 
condense out of the air within the crankcase and form corrosive acids and sludge on the engine's 
interior surfaces. This can harm the engine as it tends to clog small inner passages, causing 
overheating, poor lubrication, and high emissions levels. To keep the crankcase air as clean as 
possible, some sort of ventilation system must be present [11]. 
 
So that's the problem t and the PCV Enhancer takes the crap out of the crankcase and recycles it 
by feeding it back into the engine [11].  
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  Figure (2.6a) PCV Enhancer      Figure (2.6b) PCV Enhancer installation 
 
PCV Enhancer advantages: 
 It filters out the sludge. It keeps oil, engine and spark plugs cleaner, thus allowing engine 
to have a much longer life. 
 It condenses the water out of the crankcase. If there are burnable gases flowing through, 
the PCV Enhancer is designed not to stop them but to allow them through, thus enabling 
a better and cleaner recycling of gases. Only oils, sludge and water will be stopped. 
 
This device requires maintenance – simply opening the bowl from time to time (recommended 
weekly at first) and emptying the water and oils that have accumulated [11]. 
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CHAPTER THREE 
HHO Gas & Electrolyser Construction 
 
3.1 HHO Gas: 
The new HHO gas is regularly produced via a new type of electrolyser and has resulted 
to be distinctly different in chemical composition than the Brown gas, even though both gases 
share a number of common features. 
the capability by the HHO electrolysers to perform the transition of water from the liquid to a 
gaseous state via a process structurally different than evaporation or separation, due to the use of 
energy dramatically less than that required by said evaporation or separation. 
 
3.1.1 HHO Gas Experimental Measurements: 
 
Under visual inspection, both the HHO and the Brown gases result to be odorless, colorless and 
lighter than air [12]. 
3.1.1.1    HHO Features: 
1. The efficiency of the electrolyser for the production of the gas, here simply defined as the 
ratio between the volume of HHO gas produced and the number of Watts needed for its 
production. In fact, the electrolysers rapidly convert water into 55 standard cubic feet 
(scf) of HHO gas at 35 pounds per square inch (psi) via the use of 5 kWh, namely, an 
efficiency that is at least 10 times the corresponding efficiency of conventional water 
evaporation, thus permitting low production costs. The above efficiency establishes the 
existence of a transition of water from the liquid to the gaseous state that is not caused by 
evaporation. By keeping in mind the combustible character of the HHO gas compared to 
the noncombustible character of water vapor, the above efficiency suggests the existence 
of new chemical processes in the production of the gas [12]. 
2.  HHO gas does not require oxygen for combustion since the gas contains in its interior all 
oxygen needed for that scope, as it is also the case for the Brown gas. By recalling that 
other fuels (including hydrogen) require atmospheric oxygen for their combustion, thus 
causing a serious environmental problem known as oxygen depletion, the capability to 
combust without any oxygen depletion (jointly with its low production cost) render the 
gas particularly important on environmental grounds [12]. 
3.  It does not follow the PVT of gases with conventional molecular structure, since the gas 
reacquires the liquid water state at a pressure of the order of 150 psi, while conventional 
23 
 
gases acquire the liquid state at dramatically bigger pressures. This feature suggests that 
the gas here considered does not possess a conventional molecular structure, namely, a 
structure in which the bond is of entire valence type [12]. 
4.  Its anomalous adhesion (adsorption) to gases, liquids and solids, thus rendering its use 
particularly effective as an additive to improve the environmental quality of other fuels, 
or other applications. This feature is manifestly impossible for conventional gases H2 and 
O2 [12]. 
5.  It exhibits a widely varying thermal content, ranging from a relatively cold flame in open 
air at about 150 
◦
C, to large releases of thermal energy depending on the substance to 
which the flame is applied to, such as the instantaneous melting of bricks requiring up to 
9000 
◦
C [12]. 
3.1.1.2     HHO Measurements: 
The specific weight of the HHO gas was found 12.3 g/mol in the laboratory. This is value of 12.3 
g/mol is anomalous. In fact, the conventional separation of water into produces a specific weight 
(2 + 2 + 32)/3 = 11.3g/mol. Therefore, we have the anomaly of 12.3 − 11.2 = 1g/mol, 
corresponding to 8.8% anomalous increase in the value of the specific weight. Rather than the 
predicted 66.66% of H2 the gas contains only 60.79% of the species with 2 atomic mass units 
(amu), and rather than having 33.33% of O2 the gas contains only 30.39% of the species with 32 
amu [12]. 
These measurements provide direct experimental evidence that the HHO gas is not composed of 
a sole mixture of H2 and O2, but has additional heavier species. Moreover, the HHO gas used in 
the tests was produced from distilled water. Therefore, there cannot be an excess of O2 over H2 
to explain the increased specific weight. The above measurement establishes the presence in 
HHO of 5.87% of hydrogen and 2.94% oxygen bonded together into species heavier than water, 
as identified below via mass spectroscopy and other analytic measurements [12]. 
3.1.2  HHO Scans: 
By conducted scans of the HHO gas via a Gas Chromatographer (GC) reproduced in Figure (3.1) 
establishing the presence in the HHO gas of the following species here presented in order of their 
decreasing percentages: 
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.  
Figure (3.1) A view of GC scans on the HHO gas showing conventional as well as anomalous 
peaks. 
1) A first major species with 2 amu expectedly representing gaseous hydrogen. 
2) A second major species with 32 amu expectedly representing gaseous oxygen. 
3) A large peak at 18 amu expectedly representing water vapor. 
4) A significant peak with 33 amu expectedly representing a new species expectedly of 
nonmolecular nature. 
5) A smaller yet clearly identified peak at 16 amu expectedly representing atomic oxygen. 
6) Another small yet fully identified peaks at 17 amu expectedly representing the radical 
OH whose presence in a gas is also anomalous. 
7) A small yet fully identified peak at 34 amu expectedly representing the bond of two 
dimers HO that is also anomalous for a gas. 
8) A smaller yet fully identified peak at 35 amu that cannot be identified in any known 
molecule. 
9) Additional small peaks expected to be in parts per million. 
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3.1.3 Molecular and Magnecular bonds: 
 
.  
 
Figure (3.2) the top view provides a conceptual rendering of an atomic hydrogen with the 
conventional spherical distribution of its orbitals that is assumed to be a constituent of the Brown 
Gas. The bottom view provides a conceptual rendering of the atomic hydrogen at absolute zero 
degree temperature (thus without rotations) with a toroidal polarization of its orbitals assumed to 
be a constituent of the HHO gas because permitting a quantitative interpretation of its anomalous 
features. 
Let us denote the conventional valence bond with the usual symbol “-” and the magnecular bond 
with the symbol “×”. According to this notation, H2=H–H represents the molecule of Figure (3.3) 
while H×H represents the magnecule of Figure (3.4). Molecular bonds are notoriously restricted 
to valence pairing, in the sense that no additional atom can be bonded when all available valence 
pairs are coupled. By contrast, magnecular bonds do not have such a restriction, in the sense that 
atoms can indeed be added to a magnecule under the sole condition of the availability of opposite 
magnetic polarizations. 
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Figure (3.3) a conceptual rendering of the conventional interpretation of the species with low 
atomic weight present in the HHO gas, such as H, H2 and H3. Valence bonds are only possible 
for electron pairs and not for triplets. 
 
27 
 
 
 
Figure (3.4) a conceptual rendering of the magnecular interpretation of the species with low 
atomic weight present in the HHO gas. The hypothesis herein submitted is that the H2 content of 
the HHO gas is partially composed of the conventional molecular species H–H and partially of 
the magnecular species H×H, while the H3 species is partially composed of the magnecular 
species (H.H) × H and partially of the species H × H × H. Note that the bottom views can also be 
interpreted as the magnecular species  H × H × O with 18 amu, H×O×O with 33 amu, O×O×O 
with 48 amu, (H.H)×O with 18 amu, (O×O)×H with 33 amu and (O.O)×O with 48 amu. Since 
valence bonds are only possible for electron pairs, while magnecular bonds admit a (reasonably) 
open number of constituents, the magnecular hypothesis for the structure of the HHO gas permits 
indeed a plausible interpretation of all its anomalous constituents. 
Needless to say, for the HHO gas at ambient temperature and pressure, the stability of the 
magnecular clusters is inversely proportional to the number of their constituents. As a result, 
magnecular clusters with relatively low atomic weight are expected to exist in significant 
percentages, while those with large atomic weight are expected to be present at best in parts per 
million. 
As a result, the magnecular hypothesis permits the following interpretations of the species 
composing the HHO gas: the species with 3 amu is interpreted as a combination of the 
magnecules H×H×H or (H.H)×H; the species with 4 amu is interpreted as a combination of 
(H.H)×(H.H), (H.H)×H×H, or H×H×H×H, heavier magnecular bonds solely of hydrogen atoms 
being unstable due to collisions; the species with 17 amu is interpreted as a combination of the 
traditional dimer H–O and the magnecular bond H×O; the species with 33 amu is interpreted as a 
mixture of (O.O) × H, (H.O) × O and O×O×H; the species with 34 amu is interpreted as a 
mixture of (H.H)×(O.O)×(H.H)×H and similar configurations; the species with 35 amu is 
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interpreted as a mixture of (O.O)×(H.H)×(H.H)×H and equivalent configurations (see Figure 
(3.4)); and other magnecular species in progressively smaller percentages. 
Besides a quantitative interpretation of the chemical structure of all species contained in the 
HHO gas, as well as of its anomalous thermal content and adhesion, perhaps the biggest 
contribution of the magnecular hypothesis is a quantitative interpretation of the formation of the 
HHO gas despite the lack of the needed evaporation or separation energy. 
 
 
Figure (3.5) a conceptual rendering of the conventional water molecule without any electric 
polarization. This rendering is primarily intended to illustrate the experimentally established 
feature that the orbitals of the two hydrogen atoms do not have a spherical distribution as in 
Figure (3.2), but have instead a distribution essentially perpendicular to the H–O–H plane here 
conceptually represented with a toroid. The strong valence bond needed to achieve the first 
known exact representation of the experimental data of the water molecule requires that the 
corresponding orbitals of the valence electrons of the oxygen have a corresponding polarized 
distribution here also conceptually depicted with toroids perpendicular to the H–O–H plane 
around the spherical core of the remaining electrons of the oxygen atom. 
Recall that nature has set the water molecule H2O= H–O–H in such a way that its H atoms do 
not have the spherical distribution, and have instead precisely the polarized distribution of Figure 
(3.2) bottom along a toroid whose symmetry plane is perpendicular to that of the H–O–H plane, 
as depicted in Figure (3.5). 
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Figure (3.6) a conceptual rendering of the conventional water molecule of Figure (3.4), this time 
with the electric polarization as occurring in nature. Note the consequential the predominance of 
a positive charge in the two hydrogen atoms that is responsible in part for the angle of 105◦ 
between the two H–O radicals. 
It is also known that the H–O–H molecule at ambient temperature and pressure, even though 
with a null total charge, has a high electric polarization (namely, a deformation of electric charge 
distributions) with the predominance of the negative charge density localized in the O atom and 
the complementary predominant positive charge density localized in the H atoms. This feature 
causes a repulsion of the H atoms due to their predominantly positive charges, resulting in the 
characteristic angle of (about) 105◦ between the H–O and O–H dimers as depicted in Figure 
(3.6). 
It is well established in quantum mechanics that toroidal polarizations of the orbitals of the 
hydrogen atom as in the configuration of Figure (3.2) create very strong magnetic fields with a 
symmetry axis perpendicular to the plane of the toroid, and with a value of said magnetic field 
sufficient for the creation of the new chemical species of magnecules. 
It then follows that, in the natural configuration of the H–O–H molecule, the strong electric 
polarization caused by the oxygen is such to weaken the magnetic field of the toroidal 
polarization of the H-orbital resulting in the indicated repulsion of the two H-atoms in the        
H–O–H structure. 
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Figure (3.7) a conceptual rendering of the central hypothesis submitted, namely, the H–O–H 
molecule in which all electric polarizations have been removed, with the consequential collapse 
of the two polarized H-atoms one into the other due to their neutral charge and strongly attractive 
opposing magnetic polarities. This hypothesis permits a quantitative interpretation of the 
transition of state from liquid to gas achieved by the HHO electrolysers via processes structurally 
different than evaporation energy. In fact, unlike the configuration of Figure (3.4), that of this 
figure can only exist at the gaseous state due to the loss of the processes permitting the liquid 
state, such as hydrogen bridges between pairs of water molecules. It should be noted that the 
configuration here depicted is unstable and decomposes into atomic oxygen, as detected in the 
HHO gas, plus the new magnecular species H × H that has indeed been detected but it is 
generally interpreted as H–H. 
However, as soon as the strong electric polarization of the molecule H–O–H is removed, the 
strong attraction between opposite polarities of the magnetic fields of the polarized H atoms 
become dominant over the Coulomb repulsion of the charges, resulting in a new configuration of 
the water molecule depicted in Figure (3.7) and Figure (3.8) . 
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Figure (3.8) a conceptual rendering of a perspective view of the central hypothesis submitted via 
Figure (3.7), better illustrating the bond via opposing magnetic polarities of the two H-atoms, as 
well as the unstable character of the configuration due to collision with other species and 
intrinsic instabilities. 
Therefore, a central hypothesis here is that the electrolyser developed by Hydrogen Technology 
Applications, Inc., is such to permit the transformation of the water molecule from the 
conventional H–O–H configuration of Figure (3.6) to the basically novel configuration of Figure 
(3.7). 
By using the above identified symbols for molecules and magnecules, the conventional water 
molecule is represented by H–O–H while the new configuration of Figure (3.7) is represented by 
(H×H)–O, where the symbol “-” evidently denotes double valence bond. The plausibility of the 
new form of water is supported by the fact that, when H–O–H is liquid, the new species            
(H × H)–O is expected to be gaseous. This is due to various reasons, such as the fact that the 
hydrogen is much lighter than the oxygen in the ratio 1 to 16 amu. As a result, the new species 
(H × H)–O is essentially equivalent to ordinary gaseous oxygen in conformity with conventional 
thermodynamical laws, since the transition from the liquid to the gas state implies the increase of 
the entropy, as well known. Alternatively, the loss of electric polarization in the transition from 
H–O–H to (H × H)–O is expected to cause the loss of the processes permitting the very existence 
of the water molecule, such as the hydrogen bridges between dimers O–H of different molecules. 
Transition to a gaseous form is then consequential, thus confirm the plausibility of the new form 
of water     (H × H)–O. 
However, it can also be seen that the new form of water (H×H) =O is unstable, and decomposes 
in H×H and O. This decomposition is supported by the clear evidence in the HHO gas of atomic 
oxygen, as well as of the species with 2 amu that is normally interpreted as being H–H, while we 
suggest the additional possibility that such a species is, at least in part, H × H [12]. 
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3.2 Sample of an Electrolyser Construction: 
The electrolyser shown in Figure (3.9) is based on the common-duct series-cell electrolyser has 
about 80-90% total efficiency when all things are considered (ambient temperature, ambient 
pressure, accurate measurement of gas volume and current) when powered by straight DC. The 
electrolyser has 7 cells with a target input voltage of about 12.9-14.1Vdc depending on 
temperature. This makes the cell voltage about 1.85-2.0V [13].   
 
 
Figure (3.9) Series-cell electrolyser cross-section 
 The eight electrolyser plates Figure (3.10) are about 0.8 mm thick 160 mm x 200 mm stainless 
steel (SS) (304 grade). A 10 mm gas vent hole is drilled in each plate. The electrolyte level is 
always about 25 mm below the gas vent hole. There are 3 mm diameter liquid level equalization 
holes drilled in the bottom corner of each plate (not shown) in such a way that adjacent plates 
have holes in opposite corners. Staggering and using small holes minimizes any efficiency loss 
due to current leakage between cells, but makes electrolyte refilling and level equalization 
significantly easier. The two end plates have a small SS piece welded for electrical contact.  
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Figure (3.10) Stainless steel electrolyser plates (8 total) 
 Nine spacers Figure (3.11) were cut out of 3 mm thick soft and transparent Polyvinyl chloride 
(PVC
1
) sheet with a knife. The wall thickness is 12 mm. The PVC sheet is originally designed 
for door material for large room-size refrigerators. The small square PVC blocks were meant to 
keep proper distance between SS plate centers, but they turned out to be unnecessary and were 
not used.    
 
Figure (3.11) Soft PVC spacers rings 
                                                             
1 PVC is made from flexible plastic mixing with small-molecule compounds called plasticizers, it used especially 
for electrical insulations. 
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The end plates Figure (3.12) were cut out of 12 mm thick PVC plate. The size of the plates was 
200 mm x 240 mm. Eight 8 mm holes were drilled for M8 size stainless steel through-bolts. A 
¼” pipe thread was tapped in a 11.8 mm gas vent hole. A valve and gas hose connector was 
epoxy glued to the ¼” tapped hole in both plates. Other thread sealants may not be compatible 
with the electrolyte so it‟s best to use epoxy or teflon tape.  The valve was lined up with gas vent 
hole in SS plates. When the electrolyser stack is tightened up the PVC end plates tend to bend 
and bulge. Some form of metallic bracing should be used to prevent bending or the end plates 
made out of thick stainless steel plate.   
 
Figure (3.12) PVC end plates with gas valves attached 
The first stainless steel plate and one PVC spacer ring are shown in Figure (3.13). There is a 
PVC spacer ring also between the PVC end plate and first SS plate. A 35 mm piece of 8 mm ID 
12 mm OD rubber hose is slid over the bolts to isolate the bolts from the plates and hold the 
plates in place. It would have made more sense to drill the gas vent hole to the upper left corner 
of the plates, so that draining all of the electrolyte out of the electrolyser would have been easier.    
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Figure (3.13) First SS plate in place with the PVC spacer shown 
 A side view of the cell stack with several SS plates and PVC spacer rings in place is shown in 
Figure (3.14).  
 
Figure (3.14) Partly assembled cell stack 
The finished electrolyser is shown in Figure (3.15). The two PVC end plates are clamped 
together with 70 mm long M8 stainless steel bolts with Nyloc nuts. After initial tightening the 
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electrolyser was submerged in hot tap water (about 60
o
C) with the gas vent valves closed. This 
softened the PVC gaskets and allowed the stack to be tightened up even further to provide an 
excellent seal.  
 
Figure (3.15) Assembled stack 
The finished electrolyser equipped with a bubbler is shown in Figure (3.16). The bubbler is 
absolutely essential to prevent backfires from blowing up the electrolyser. The electrolyser may 
be filled with slightly acidic water (use vinegar) to neutralize any residual NaOH or KOH vapors 
in the output gas. It would be wise to use a non-return valve between the electrolyser and bubbler 
to prevent bubbler water being pushed back into the electrolyser in case of backfire [13]. 
 
Figure (3.16) Finished electrolyser with bubbler
  
 
Chapter Four 
Theoretical Approach 
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CHAPTER FOUR 
Theoretical Approach 
4.1 HHO Gas Current Theory: 
The current theory of HHO gas states that HHO is a mixture of di-atomic and mon-
atomic hydrogen and oxygen. The simplest way to make HHO Gas is to use an electrolyser, 
which uses electricity to split water into its elements of hydrogen and oxygen. At the instant that 
the water splits, the hydrogen and oxygen are in their mon-atomic state [14]. 
Normal electrolysers encourage the hydrogen and oxygen to drop to their di-atomic state. Di-
atomic means the hydrogen formed is H2 and the oxygen formed is O2. The di-atomic state is a 
lower energy state; the energy difference shows up as heat in the electrolyser. This energy is now 
unavailable to the flame [14]. 
4.2 Water as Combustion Fuel: 
Other researcher's published literature on Brown's Gas states that 1 liter of water would make 
1866.6 liters of Brown's Gas. Normal di-atomic H2:O2 is 933.3 liters of gas per liter of water 
and Brown's Gas displaces more volume than normal because of its mon-atomic constituent [14].  
During a Brown's Gas mon-atomic hydrogen (H) and mon-atomic oxygen (O) flame, no energy 
needed to add because the molecules are already in their simplest and highest energy atomic 
form. This means that "perfect" Brown's Gas can have 3.8 times the possible 'heat' energy that an 
"ordinary" H2 and O2 flame has (442.4 Kcal/115.7 Kcal) [14]. 
The amount of energy in the water molecule is thus vast, and has absolutely nothing to do with 
the amount of energy it takes to break down that molecule. 
4.3 Thermodynamics of Electrolytic Gases: 
The heat of combustion values for monoatomic and diatomic (conventional) electrolytic 
oxyhydrogen gas are compared below.  
When conventional diatomic (tank gases) oxygen (O2) and hydrogen (H2) are ignited, the bonds 
between the gas atoms in the diatomic gas molecules have to be broken first. This consumes 
energy. Energy is then released when the H and O atoms recombine into H2O. The total amount 
of energy released is the sum of these two energies, where the other one has “+” sign and the 
other one “-” sign. 
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Combustion of diatomic H2 and O2 to form water as steam (releases energy): 
H2(g) + ½O2(g)   H2O(g)  E = -241.826 kJ 
The value for the monoatomic 2H + O, H2O reaction is calculated in the following: 
Dissociation of diatomic hydrogen gas into hydrogen atoms (consumes energy): 
H2(g)   2H(g)   E = 217.998 kJ 
Dissociation of diatomic oxygen gas into oxygen atoms: (consumes energy): 
O2 (g)   2O(g)   E = 249.18 kJ 
Dissociation of diatomic H2and O2 molecules into monoatomic form (consumes energy): 
H2(g) + ½O2(g)   2H(g) + O(g)  E = 217.988 + ½*249.18 = 342.578 kJ  
Combustion of monoatomic H and O to form water as steam (releases energy): 
2H(g) + O(g)   H2O(g)   E = -(342.578 + 249.18) = -591.758 kJ 
Therefore, 
Combustion of diatomic oxyhydrogen into water in the form of steam (releases energy): 
H2(g) + ½O2(g)   H2O(g)  E = -241.826 kJ 
Combustion of monoatomic oxyhydrogen (releases energy): 
2H(g) + O(g)   H2O(g)   E = -591.758 kJ 
Combusting a certain amount (by weight) of oxyhydrogen in this calculation releases about 2.45 
times more energy if the oxyhydrogen is monoatomic instead of diatomic. Monoatomic 
oxyhydrogen has twice the volume for the same weight than does diatomic oxyhydrogen. This 
means that igniting one liter of monoatomic oxyhydrogen releases only about 1.23 more energy 
than the same volume of diatomic oxyhydrogen. However the theoretical energy consumption to 
dissociate one liter of monoatomic oxyhydrogen from water is half of that required to dissociate 
one liter of conventional diatomic oxygen and hydrogen gases. 
4.4 Electrolyser Theoretical Gas Production: 
Faraday’s First Law of Electrolysis:  
Using Faraday‟s First Law to calculate the theoretical maximum production of HHO gas 
V = 
𝑅.𝐼.𝑇.𝑡
𝐹.𝑃.𝑍
   [15] 
Where: 
V = volume of the gas [l],  
R = ideal gas constant = 0.0820577 l *atm/(mol*K),  
I = current [A], 
T = temperature [K],  
t = time [s],  
F = Faraday‟s constant = 96485 Coulombs/mol,  
p = ambient pressure [atm],  
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z = number of excess electrons (2 for H2 , 4 for O2). 
 
 Assume the STP (Standard Temperature and Pressure) conditions and the electrolyser runs at 
one Amp for one hour 
 
T = 0°C = 273 K  
p = 1 atm  
t = 3600 s  
I = 1 A   
 
Total oxyhydrogen volume is hydrogen volume + oxygen volume 
 
VH2 + VO2 = 
𝟎.𝟎𝟖𝟐𝟎𝟓𝟕𝟕∗𝟏∗𝟐𝟕𝟑∗𝟑𝟔𝟎𝟎
𝟗𝟔𝟒𝟖𝟓∗𝐈∗𝟐
+  
𝟎.𝟎𝟖𝟐𝟎𝟓𝟕𝟕∗𝟏∗𝟐𝟕𝟑∗𝟑𝟔𝟎𝟎
𝟗𝟔𝟒𝟖𝟓∗𝐈∗𝟒
 =0.417921+0.208961=0.626882 l  
  This corresponds to about 0.627 l PH/Amp or 1.594A/ l PH per cell.   
By taking 7 cells in series and put 11A through the electrolyser, according to Faraday‟s Law it 
would produce: 
0.627 l PH/A*11A*7 = ~48.3 Liters per hour  
at STP conditions.  
 Another way that Faraday‟s first law can be written on it at STP conditions: 
 ( 
I
26.8
∗ 16.8 ) = Liters per hour. 
But this applies only at a certain temperature (0°C) and pressure (1 atm).The produced gas 
volume will scale with ratio of temperatures in Kelvins (higher temperature = higher volume) 
and inversely with the ratio of pressures (lower pressure =higher volume). 
If at 0°C (273 K) the production rate is 0.627 l /Ah, at 25°C: 
273+25=298 K 
the production rate is: 
298/273 = ~1.09 
larger or about 0.6843/ Ah. With 7 cells and 11A this would be 52.7 Liters per hour. 
On the other hand if the output gas has a temperature of 40°C while it is being measured and the 
ambient pressure is 0.75 atm (about 1.5km elevation above sea level), the electrolyser that 
produces 48.3 liters per hour at STP will produce: 
313 K/273 K*1atm/0.75atm*48.3 l /hr = 73.8 l /hr 
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4.5 Electrolyser Actual Gas Production: 
 
The actual gas production is measured by using water displacement technique; it uses a 
graduated tube, bottle and stopwatch. The bottle with a 2-hole is filled by water as shown in the 
diagram. The HHO gas travels through the tubing to an inverted bottle filled with water, 
displacing some of the water in the bottle.  The graduated tube is placed below the overflow tube 
and the stop watch is started at the same time. The actual gas flow rate is calculated by dividing 
the volume of water collected in the graduated tube by the time recorded by stopwatch. 
 
 
  
   Figure (4.1) Graduated tube   Figure (4.2)    bottle 
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Figure (4.3) Water displacement technique 
 
4.6 Petrol Engine Test: 
4.6.1 Engine data: 
The principal engine data are given below:- 
Engine type               : Ford-Cortina, petrol engine. 
Number of cylinder   : 4 
Number of stroke      : 4 
Bore                           : 80.72 mm 
Stroke                        : 77.62 mm 
Volume displacement: 1559 c.c 
Compression ratio      : 9.8:1 
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Figure (4.4) Petrol engine 
 Engine speed was in range of 1350 – 2500 rev/min, it was coupled directly with a 
hydraulic dynamometer.  
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Figure (4.5) Hydraulic dynamometer 
 
Figure (4.6) Petrol engine coupled with a hydraulic dynamometer 
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The engine and the dynamometer unit were rigidly fixed to a steel frame, which was mounted to 
a large flexible concrete base. 
4.6.2 Power measurement: 
The engine power output was calculated from the measurements from torque and speed. The 
torque measurements were done by rotates the handle wheel on the direction of clock wise, while 
the engine speed was measured by using a digital tachometer. 
 
Figure (4.7) Digital tachometer 
4.6.3 Fuel flow measurement: 
Steady state measurements of the engine‟s overall fuel consumption were carried out using 
conventional mass balance system by using bottle glass filled with petrol. Fuel flow was 
measured by dividing fuel mass with manual timing by a stopwatch. 
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Figure (4.8) Fuel measurement 
 
Figure (4.9) Stop Watch 
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4.6.3 Work Procedure: 
Before the engine was started, the reading of a zero error on the dynamometer had been taken 
and the oil of the engine had been checked, and then all valves of water and the dynamometer 
had been opened. After that the hand wheel of the dynamometer had been rotated anticlockwise, 
so that all of the controlling gates were fully opened. 
After that, the engine was started with petrol only, and it was left for a moment until the engine‟ 
temperature was stable. Then, the engine speed was increased up to 2500rpm, the readings of the 
load and the fuel consumed was taken, and this step was repeated for all speeds mentioned until 
1350rpm by loading the engine gradually. 
Finally, the above steps were done again when HHO gas was injected to the engine (below the 
carburetor and at the beginning of the manifold). 
 
 
Figure (4.10) HHO gas injection point 
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Figure (4.11) Mixing petrol with HHO gas 
 
4.6 Theory of Internal Combustion Engines: 
1. BP= (
𝑾∗𝑵
𝟒𝟓𝟎𝟎
)*0.7457 
        Where: 
BP= brake power (kw) 
W= Load (Ib) 
N= speed (rpm) 
 
2. B.s.f.c= 
𝒎𝒇 
𝑩𝑷
 
 
𝒎𝒇 = 
𝐦𝐟𝟐−𝐦𝐟𝟏
𝒕𝒊𝒎𝒆∗𝟏𝟎𝟎𝟎
 (kg/s) 
 
Where: 
  
 B.s.f.c= brake specific fuel consumption (kg/kw.s) 
𝑚𝑓 = rate of fuel consumption (kg/s) 
mf2= weight of fuel at the begin of reading (g) 
mf1= weight of fuel at the end of reading (g)
  
 
 
Chapter Five 
Results & Discussion 
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CHAPTER FIVE 
Results & Discussion 
5.1 Stainless Steel Electrolyser Test: 
This test was done on stainless steel dry cell as shown below: 
 
Figure (5.1) Stainless steel dry cell 
 
5.1.1 Stainless Steel Dry Cell Readings: 
The ambient temperature is 35°c.  
The pressure is 1atm. 
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The Ammeter readings and the actual flow rates are tabulated below: 
 
Test Amp Qact (ml/min) 
1 11 186 
2 15 280 
3 20 336 
4 25 466 
5 30 616 
6 35 760 
7 41 980 
8 45 1110 
9 49 1338 
Table (5.1) The Ammeter readings and the actual flow rates for SS dry cell 
 
5.1.2 Sample of calculations: 
5.1.2.1 Theoretical Maximum Production of HHO Gas for SS Dry Cell: 
The temperature in Kelvin‟s is 35+273 = 308 k 
Qtheo = 0.627*308/273 LPH/A*15A*7 = 74.275 Liters per hour. 
5.1.2.2 Actual gas Production of HHO Gas for SS Dry Cell: 
Qact = 280*60/1000 = 16.8 Liters per hour. 
 
5.1.2.3 Production Efficiency for SS Dry Cell: 
The efficiency is calculated by comparing the actual production to the theoretical maximum 
production. 
production = Qact / Qtheo= 16.8/74.275 = 0.226 = 22.6% 
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5.1.3 Stainless Steel Dry Cell Results: 
Test Amp Qact (L/h) QTheo (L/h)  
1 
11 11.16 54.469 20.489 
2 15 16.8 74.275 22.619 
3 20 20.16 99.034 20.357 
4 25 27.96 123.792 22.586 
5 30 36.96 148.551 24.88 
6 35 45.6 173.309 26.311 
7 41 58.8 203.019 28.963 
8 45 66.6 222.826 29.889 
9 49 80.28 242.633 33.087 
Table (5.2) Stainless steel dry cell results 
 
 
 
Figure (5.2) Production Efficiency for SS dry cell 
The main reasons that make the production efficiency for SS dry cell low can be summarized as 
below: 
 Most of energy is transferred to heat due to the electrical resistance and that for the big 
size of the electrolyser. 
 The loss that happened due to the circulation of the electrolyte to generate HHO gas. 
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5.2 Petrol Engine Results 
5.2.1 Petrol Engine Readings:  
Zero error on the load = -1 lb 
 
Figure (5.3) Load zero error 
Petrol only Petrol with HHO gas 
Speed(rpm) Load(lb) mf2(g) mf1(g) Load(lb) mf2(g) mf1(g) 
1350 30.5 150 66 32 180 101 
1500 28 130 45 30 110 28 
1750 25 170 85 27 180 99 
2000 16 150 77 18 150 81 
2250 7 100 22 9.5 160 86 
2500 1.2 120 40 1.8 140 65 
Table (5.3) Petrol Engine readings 
5.2.2 Sample of Calculations: 
By taking the readings at speed 2000rpm: 
5.2.2.1 When using Petrol Only: 
1. BP= 
[𝟏𝟔− −𝟏 ]∗𝟐𝟎𝟎𝟎
𝟒𝟓𝟎𝟎
 *0.7457= 5.634 kw 
 
2. B.s.f.c= 
𝒎𝒇 
𝑩𝑷
 
 
𝑚𝑓 = 
150−77
60∗1000
= 1.22E-3 kg/s 
B.s.f.c= 
𝟏.𝟎𝟎𝟎𝟒
𝟓.𝟔𝟑𝟒
 =2.16E-04 kg/kw.s 
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5.2.2.2 When using Petrol with HHO Gas: 
1. BP= 
[𝟏𝟖− −𝟏 ]∗𝟐𝟎𝟎𝟎
𝟒𝟓𝟎𝟎
 *0.7457= 6.3 kw 
 
2. B.s.f.c= 
𝒎𝒇 
𝑩𝑷
 
 
𝑚𝑓 = 
150−81
60∗1000
= 1.15E-3 kg/s 
 
B.s.f.c= 
𝟏.𝟎𝟎𝟎𝟏𝟓
𝟔.𝟑
 = 1.83E-04 kg/kw.s 
 
5.2.3 Petrol Engine Results: 
 
Speed 
(rpm) 
BP(Kw) 
petrol only 
BP(Kw) petrol 
with HHO 
b.s.f.c(kg/kw.s) 
petrol only 
b.s.f.c(kg/Kw.s) 
petrol with HHO 
% b.s.f.c 
 reduction 
2500 0.911 1.16 1.46E-03 1.08E-03 26.03 
2250 2.983 3.542 4.36E-04 3.48E-04 20.18 
2000 5.634 6.3 2.16E-04 1.83E-04 15.28 
1750 7.54 8.12 1.88E-04 1.66E-04 11.70 
1500 7.2 7.706 1.97E-04 1.77E-04 10.15 
1350 7.047 7.382 1.99E-04 1.78E-04 10.55 
Table (5.4) Petrol Engine results 
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Figure (5.4) Brake power versus speed 
The above figure shows there is an increase in brake power when petrol is mixed with HHO gas. 
This increase decreases at higher speeds because the electrolyser generates HHO gas at almost 
constant flow rate. 
 
Figure (5.5) Brake specific fuel consumption versus speed 
The above figure shows the decrease that happened in the brake specific fuel consumption when 
HHO gas is mixed petrol. 
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Figure (5.6) Percentage reduction in brake specific fuel consumption 
The above figure shows the percentage reduction in brake specific fuel consumption when the 
engine was operating on petrol mixed with HHO gas. 
  
5.3 Test to Hydrogen Assist Development Electrolyser: 
Hydrogen Assist Development is a company located in America dedicated to provide a quality 
built HHO system and achieve better gas mileage for vehicles. It has developed a HHO generator 
with "Safety First" designing unit that produces enough hydrogen to safely gain up to 60% better 
gas mileage. The company offers a product line that is comprised of high surface coated plates 
on a pure titanium substrate. This revolutionary plate design allows for a unit that is comprised 
of only 3 plates. These plates are unique in many ways. First off, they create zero corrosion. No 
rust entering the engine, No dirty water means no constant maintenance or product tear down. 
Less time monitors the device. The coating offers a surface area that is over 20x that of stainless 
steel. Less metal equates to less heat, and less energy loss with large multi plate designs. This 
also allows for far less water usage. Our design requires refilling far, far less than any other 
system designed. Size does matter, especially when trying to install a unit in any late model 
vehicle. Their small unit measures 5 1/4" long x 2 1/4" high x 2" wide and their large unit has the 
same width and height, and is only 8 3/4" long. On this test we use the last one product [16]. 
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Figure (5.7) Hydrogen Assist Development electrolyser 
5.3.1 Connecting diagram: 
 
Figure (5.8) HHO unit connection diagram 
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The most important thing when installing the product of  Hydrogen Assist Development is that 
gravity plays a part in gas production, so they recommends to install the generator as straight as 
possible, fittings on Mixer/Filler Tank are higher than the corresponding fittings on the installed 
generator and running the lines in the straightest path possible. Any dips or rises in the lines 
beyond the natural grade and that can decrease the unit‟s ability to produce gas productivity.  
5.3.2 Wiring diagram: 
 
Figure (5.9) Wiring diagram 
This diagram shows how the HHO generator can install in the automobile as shown below, so 
that it is on, only when the ignition switch is on, or the vehicle is running. 
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Figure (5.10) Installing Hydrogen Assist Development electrolyser 
The above figure shows the install of Hydrogen Assist Development electrolyser on the Lexus 
vehicle. The HHO gas was injected directly before the mass air flow sensor to the engine. 
5.3.3 Hydrogen Assist Development Electrolyser Results: 
These results are obtained from appendix A to know the effect of electrolyte temperature on the 
generation of HHO gas.   
 
Figure (5.11) Amp versus electrolyte temperature 
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The above figure shows that the electrolyte temperature has an effect on the current that the 
electrolyser need for it to generate HHO gas. This temperature is increased gradually from the 
surrounding when the engine is running and from the operation of the electrolyser itself. When 
the electrolyte temperature is increased the HHO gas generation is increased until 43°C, after this 
temperature the HHO gas generation becomes almost constant. 
5.4 Road test Results: 
These results are obtained from appendix B on a running vehicle with petrol only and petrol with 
HHO gas.   
 
Figure (5.12) Comparing between running with petrol only and Petrol+ HHO  
The above figure shows that there is a reduction in fuel consumption when HHO gas is used for 
the same distance with the same speed. 
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Figure (5.13) Percentage fuel saving when HHO gas is used 
The above figure shows that the higher the speed the lesser percentage of saving. At higher 
speeds, the air quantity at the intake is increased while the generation of HHO gas becomes 
almost constant. 
 
5.5 Emission Test: 
This test was done on Lexus vehicle, by CDS Motor Services in England (see appendix C). 
5.5.1 When using Petrol Only: 
Gas type Natural Idle
1 
Fast Idle
2 
CO 0.07% 0.14% 
HC 14 ppm
3 
12 ppm 
CO2 14.36% 14.51% 
O2 15% 10% 
Table (5.5) Emission test result with petrol only 
 
                                                             
1 Natural Idle:  Speed between 450-1500 rpm. 
2 Fast Idle : Speed between 2500-3000 rpm. 
3 ppm stands for parts per million.  
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5.5.2 When using Petrol with HHO Gas: 
 
Gas type Natural Idle Fast Idle 
CO 0.00% 0.00% 
HC 2 ppm 1 ppm 
CO2 14.98% 15.31% 
O2 14% 11% 
Table (5.6) Emission test result with petrol and HHO gas 
On the emission test the following was observed when using petrol with HHO gas: 
 Zero carbon monoxide on the exhaust. 
 Hydrocarbons decreased to almost zero. 
 The percentage of the carbon dioxide increased which indicates an efficient combustion 
process has taken place in the engine combustion chamber. 
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Chapter Six 
Conclusions & Recommendations 
 
6.1 Conclusion: 
 Converting petrol and diesel engines to a water combustion system is obviously not the 
solution to a global problem. It is, however, a viable solution in the short-term until 
engines that run on 100% water, air, solar power, or other renewable power sources are 
envisaged. We need to find an easy affordable way to reduce the fuel consumption and 
improve the engine performance. 
 
 HHO Gas is an efficient solution to the specified problem, because it is safe, clean and 
involve less operation cost. When it burns, it produces water and that will reduce 
pollutants from exhaust gases. 
 Using HHO gas saves much money; by improving car fuel economy. It also increases 
the engines life time, horsepower and running smooth, beside that it results in low 
maintenance cost on the long-term.  
  
 The Electrolyser device that generates HHO gas can be easily installed on the engine 
compartment and generally, the operation of the Electrolyser doesn‟t need an additional 
energy; it uses the extra voltages from the battery that the alternator provides to the 
battery. 
 
 One of the best chemical substances added to water is Potassium Hydroxide which acts 
as a catalyst in the process of electrolysis in that it promotes the gas production but is not 
used up in the process. It is a strong and pure electrolyte .It gives 95 - 100% pure HHO 
gas production along with the right generator design. But it is dangerous to work with 
and needs more care when used. 
 
 On stainless steel dry cell test, the electrolyser production efficiency is low because most 
of the energy is transferred to heat due to the electrical resistance and the large size of 
the electrolyser and the loss happened due to the circulation of the electrolyte to generate 
HHO gas. 
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 On petrol engine test, the speed was in the range of 1350 – 2500 rev/min. The engine was 
coupled directly with a hydraulic dynamometer. The engine and the dynamometer unit 
were rigidly fixed to a steel frame, which was mounted on a large flexible concrete base. 
The engine power output was calculated from the measurements from torque and speed. 
The torque measurements were done by rotating the hand wheel clock wise, while the 
engine speed was measured by using a digital tachometer. 
Steady state measurements of the engine‟s overall fuel consumption were carried out 
using conventional mass balance system by using bottle glass filled with petrol. Fuel flow 
was measured by dividing fuel mass with manual timing by a stopwatch. 
 
 Before starting the engine, A zero reading was noted on the dynamometer, and then all 
valves of water were fully opened. After that, the hand wheel of the dynamometer was 
rotated anticlockwise, so that all of the controlling gates were fully opened. 
The engine was started with petrol only, and left for a while until engine‟ temperature 
was stable. After that engine speed was increased up to 2500rpm. The load and the fuel 
consumed were noted. These steps were repeated down to 1350rpm by loading the engine 
gradually. 
Finally, the experiment was repeated using HHO gas by injecting it before the carburetor 
at the beginning of the manifold. 
 
 There is an increase in brake power when petrol is mixed with HHO gas. This increase 
reduces at higher speeds because the electrolyser generates HHO gas at almost constant 
flow rate. There is a reduction of about 11% to 26% in brake specific fuel consumption 
when the engine was operated on petrol mixed with HHO gas. 
 
 When testing the Hydrogen Assist Development electrolyser, the electrolyte temperature 
was found to have an effect on the current that the electrolyser need to generate HHO 
gas. This temperature is increased gradually from the surrounding when the engine is 
running and from the operation of the electrolyser itself. When the electrolyte 
temperature is increased the HHO gas generation is increased until 43°C, after this 
temperature the HHO gas generation becomes almost constant. 
 
 The road test was done on the Hydrogen Assist Development electrolyser using a Lexus 
vehicle model 2002 in England streets. Firstly, the car was filled by petrol from the 
fueling station, then it was driven with petrol only for a specific distance at constant 
speed and returned to fueling station. After that, the car was filled again and then the 
amount of petrol consumed was reported. Then again the same journey was travelled but 
this time by using HHO gas mixed with petrol and also the amount of petrol consumed 
for the same distance at the same speed was noted. The procedure was repeated for 
different distances and different speeds. See appendix B. 
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 There is a reduction of about 14% to 37% in fuel consumption when HHO gas is used for 
the same distance with the same speed. The higher the speed the lesser percentage saving 
in fuel consumption. At higher speeds, the air quantity at the intake is increased while the 
rate of generation of HHO gas becomes almost constant. 
 
 On the emission test there was no carbon monoxide and very little amounts of 
hydrocarbons on the exhaust gases were reported when using HHO with petrol. This test 
was done by CDS Motor Services in England.    
 
 
 
6.2 Recommendations:  
 Owing to lack of modern experimental devices, we couldn‟t manage to make more 
experiments on types of engines in different ways.  
 It is recommended that more research must be done in this field using different to get 
more accurate results. 
 It is expected that same results or better than those reached can be obtained, if we apply 
HHO gas in thermal power stations and other applications 
 In this thesis HHO gas was used to reduce fuel consumption and emissions, however   
HHO gas can be used in other applications like (cutting, welding… etc). 
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Appendix A 
Hydrogen Assist Development Electrolyser Readings: 
These readings were done by Dr Esam Elsarrag. 
Test Date Time Duration T ambient(°c) T electrolyte (°c) Amp 
1 04.12.2009 09:19:57 00:00:00 1.2 8.425 5.8 
2 04.12.2009 09:20:57 00:01:00 1.29 8.72 6.4 
3 04.12.2009 09:21:57 00:02:00 1.1 9.11 6.8 
4 04.12.2009 09:22:57 00:03:00 1.39 9.895 7.1 
5 04.12.2009 09:23:57 00:04:00 1.69 10.725 7.25 
6 04.12.2009 09:24:57 00:05:00 1.78 11.36 7.5 
7 04.12.2009 09:25:57 00:06:00 1.69 12.385 7.65 
8 04.12.2009 09:26:57 00:07:00 1.98 13.51 7.75 
9 04.12.2009 09:27:57 00:08:00 2.76 14.68 7.85 
10 04.12.2009 09:28:57 00:09:00 4.03 15.705 7.95 
11 04.12.2009 09:29:57 00:10:00 5.11 16.73 8.1 
12 04.12.2009 09:30:57 00:11:00 4.71 17.81 8.2 
13 04.12.2009 09:31:57 00:12:00 5.2 18.98 8.3 
14 04.12.2009 09:32:57 00:13:00 5.4 20.15 8.38 
15 04.12.2009 09:33:57 00:14:00 5.5 21.035 8.52 
16 04.12.2009 09:34:57 00:15:00 5.59 21.865 8.75 
17 04.12.2009 09:35:57 00:16:00 5.11 22.935 8.82 
18 04.12.2009 09:36:57 00:17:00 5.59 23.865 8.95 
19 04.12.2009 09:37:57 00:18:00 5.59 24.745 9.1 
20 04.12.2009 09:38:57 00:19:00 5.3 25.915 9.2 
21 04.12.2009 09:39:57 00:20:00 6.18 26.745 9.35 
22 04.12.2009 09:40:57 00:21:00 5.98 27.625 9.5 
23 04.12.2009 09:41:57 00:22:00 5.69 28.505 9.7 
24 04.12.2009 09:42:57 00:23:00 6.67 29.63 9.8 
25 04.12.2009 09:43:57 00:24:00 6.38 30.46 9.95 
26 04.12.2009 09:44:57 00:25:00 6.38 31.435 10.16 
27 04.12.2009 09:45:57 00:26:00 5.4 32.27 10.3 
28 04.12.2009 09:46:57 00:27:00 6.86 33.39 10.35 
29 04.12.2009 09:47:57 00:28:00 5.5 34.415 10.45 
30 04.12.2009 09:48:57 00:29:00 4.71 35.345 10.55 
31 04.12.2009 09:49:57 00:30:00 4.13 36.225 10.7 
32 04.12.2009 09:50:58 00:31:01 4.32 37.205 10.83 
33 04.12.2009 09:51:58 00:32:01 4.42 38.125 10.9 
34 04.12.2009 09:52:58 00:33:01 4.81 39.055 11.05 
35 04.12.2009 09:53:58 00:34:01 4.91 40.035 11.2 
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36 04.12.2009 09:54:58 00:35:01 4.91 40.915 11.3 
37 04.12.2009 09:55:58 00:36:01 4.91 41.845 11.45 
38 04.12.2009 09:57:58 00:38:01 5.01 43.695 11.7 
39 04.12.2009 09:59:58 00:40:01 5.11 45.455 11.9 
40 04.12.2009 10:01:58 00:42:01 5.2 47.265 12.1 
41 04.12.2009 10:08:58 00:49:01 6.28 53.47 12.8 
42 04.12.2009 10:13:58 00:54:01 5.3 57.62 13.05 
43 04.12.2009 10:18:58 00:59:01 5.3 61.58 13.2 
44 04.12.2009 10:23:58 01:04:01 5.69 65.1 13.2 
45 04.12.2009 10:24:18 01:04:21 5.89 65.34 13.2 
46 04.12.2009 10:24:38 01:04:41 5.79 65.63 13.2 
47 04.12.2009 10:24:58 01:05:01 5.79 65.83 13.2 
48 04.12.2009 10:25:18 01:05:21 5.59 66.02 13.2 
49 04.12.2009 10:25:38 01:05:41 5.59 66.27 13.2 
50 04.12.2009 10:25:58 01:06:01 5.59 66.46 13.2 
51 04.12.2009 10:26:18 01:06:21 5.79 66.71 13.2 
52 04.12.2009 10:26:38 01:06:41 5.98 66.9 13.2 
 
 
 
 
 
 
 
 
 
 
67 
 
Appendix B 
Road test: 
This road test was done with and without using the Hydrogen Assist Development electrolyser, 
on a Lexus vehicle model 2002 in England streets. Firstly, the car was filled by petrol from the 
fueling station, then it was driven with petrol only for a specific distance a constant speed and 
returned to fueling station. After that, the car was filled again and then the amount of petrol 
consumed was reported. Then again the same journey was travelled but this time by using HHO 
gas mixed with petrol and also the amount of petrol consumed for the same distance as the same 
speed was noted. The procedure was repeated for different distances and different speeds. The 
results of these tests are shown in the table below. 
These readings were done by Dr Esam Elsarrag. 
 
     
Petrol 
only 
Petrol 
with 
HHO gas 
 Test Date Speed  
(MPH) 
Distance 
mile 
Ambient 
Temp(°C) 
Fuel  (l) 
 
Fuel  (l) 
 
Saving 
1 18/10/2009 30 9.85 15 1.5 0.95 36.67% 
2 01/11/2009 40 14.8 14 2.25 1.6 28.89% 
3 15/11/2009 50 14.8 16 2.35 1.55 34.04% 
4 15/11/2009 60 14.8 16 2.5 1.7 32.000% 
5 24/11/2009 70 22.1 16.5 4.1 3.1 24.39% 
6 25/10/2009 80 22.5 16 4.2 3.6 14.29% 
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Appendix C 
 
 
 
